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INTRODUCTION
Numerous instruments have been designed to assess the preoperative and postoperative status of patients undergoing reconstructive procedures of the shoulder.* Because these instruments are convenient, they are widely used for clinical investigations of shoulder conditions and reconstructive procedures. 5, 36 At present, however, there is no single standard for a shoulder rating system. 8, 24, 32, 36 Recent concerns related to the rising cost of health care, evaluation of cost-effectiveness, and determination of treatment effectiveness have resulted in interest in outcome studies. 19, 21, 23 As a result, the need for validated instruments as a means of measuring outcomes has been emphasized, 21, 23, 25 and the need for normative data has been recognized. 6, 7, 34 Administration of questionnaires to healthy individuals to establish normative data may reveal that scores vary significantly because of factors other than shoulder pain, disability, or impairment. 36 These nuisance factors introduce systematic variance that is not attributable to the domain of interest. This effect is known as instrument bias. If bias is present, normative scores need to be stratified, and the scores of patients who are injured or recovering need to be interpreted relative to their subgroup matched to the respective biasing factor.
The purpose of this investigation was to examine the effect of gender, activity level, age, and hand dominance on scores for 5 shoulder scoring instruments 4, 9, 11, 14, 40 among healthy collegiate and recreational athletes. We examined a group of subjects who had no prior history of shoulder or neck injuries, problems, or surgeries, in order to eliminate the effects of pathologic conditions or treatments. The demographic variables were selected based on their potential effect on physical function in patient and healthy populations, as established by previous research 3, 16, 29, 33, [36] [37] [38] [39] and by consensus of a research committee of orthopaedic surgery faculty at our institution.
Theoretically, healthy subjects should receive virtually the same high score on all instruments if those instruments are valid for evaluating normal function. Recovery from an injury or surgery could then be inferred from achievement of a high score. Conversely, should an instrument or subscale differ among healthy persons according to some demographic factor (eg, gender, age), the instrument or subscale displays bias. Should such bias exist, analysis of the subscale and instrument should reveal the bias in interpretation of scores. To date, the presence of bias due to demographic characteristics for the total and subscale scores of these shoulder scoring instruments has not been widely examined.
The hypotheses were that the different shoulder scoring instruments would represent the same underlying dimensions of shoulder function among healthy, physically active subjects and that the shoulder scores would vary by gender, hand dominance, differences in activity level, and age. To test these hypotheses, normalized (ie, adjusted for scale differences) total and subscale scores of 4 groups of healthy subjects, who differed with respect to activity level and age, were compared. Scores of men and women were contrasted within and across the groups, and the effect of hand dominance was tested within and across the groups.
MATERIALS AND METHODS
This study was approved by our institutional review board. A total of 142 volunteers were recruited without prior knowledge of the intent, purpose, or methods of the study. Four groups of volunteers were recruited according to age and activity differences. Group I consisted of National Collegiate Athletic Association (NCAA) throwing athletes (baseball, volleyball, and tennis), group II consisted of NCAA nonthrowing athletes (basketball and soccer), group III consisted of recreational athletes aged under 40 years, and group IV consisted of recreational athletes aged 40 years or older. This was a convenience sample drawn from the relevant intercollegiate teams and from the recreational and intramural programs of our institution. Sampling continued until equal group sizes (n ϭ 30) and equal gender distribution within groups were obtained.
Twenty-two volunteers were excluded from the study because they (1) had previously sought treatment for a shoulder complaint, (2) had a known abnormal condition of the shoulder or upper extremity, (3) had a history of shoulder or neck surgery, or (4) had a prior injury or abnormal condition of the upper extremity or cervical spine. One hundred twenty volunteers met the eligibility criteria. There were 60 men and 60 women with a mean age of 28.8 years (range, 17-81 years).
To obtain demographic information, a detailed medical history was obtained for all 120 subjects. No subject in this investigation had a major medical condition, as defined by Brinker et al, 6, 7 and all subjects were above poverty-level income. 13 Physical examinations were performed at 4 examination-specific stations by 2 senior-level orthopaedic residents and 2 senior medical students. Each of the 4 examiners performed only one of the following tasks to avoid introducing intertester error. Range-of-motion measurements were made with a goniometer and were recorded to the nearest 5°. Muscular strength was measured with a tensiometer, as described by Constant and Murley. 9 Strength was also assessed by a standard manual motor testing scale (0, absent; 5, normal). Shoulder stability was evaluated as described by Barrett et al. 4 Data were recorded on standardized flow sheets so that shoulder scores could be calculated for the following 5 instruments: the shoulder score of Constant and Murley 9 (Constant-Murley score); the University of California at Los Angeles rating for the shoulder (UCLA rating) 1, 14 ; the "pre-1994" American Shoulder and Elbow Surgeons' self-evaluation form for the shoulder as used by Barrett et al, 4 Gartsman, 18 Romeo et al, 32 and Williams et al 39 (pre-1994 ASES form); the Shoulder Pain and Disability Index (SPADI) 40 ; and the Oxford shoulder questionnaire of Dawson et al 11 (Oxford questionnaire). These shoulder scoring instruments were selected for their prevalence in the published literature. A recent MEDLINE search (August 1, 2001) of "shoulder" and "score" as keywords revealed that 233 (40.6%) of 573 articles located used one or more of the instruments included in the present study.
The Constant-Murley score was developed to evaluate functional recovery of the shoulder after injury or surgery by means of a standardized method.
9, 10 Conboy et al 8 reported that the Constant-Murley score was highly unreliable among patients with shoulder instability. The total ConstantMurley score ranges from 0 to 100 points, with higher scores indicative of better function. The UCLA rating was first described in a study of patients undergoing total shoulder arthroplasty. 1 The current version was presented in a report on rotator cuff repair 14 and has since been used in patients with shoulder instability. 17, 24 The pre-1994 ASES form was developed primarily as a standard method of evaluation for patients with shoulder pathology rather than to produce a score. 31, 32, 39 Because numerical ratings are used for each pre-1994 ASES form subscale, 4,32 a score can be computed by summing within the subscales and summing subscale scores for a total score. 39 The SPADI was developed to measure current subjective perception of shoulder function in persons with painful shoulder syndromes. 31, 40 The original SPADI used visual analog scales to rate 13 items related to shoulder-specific pain (5 items) and disability (8 items). 31 The current form of the SPADI was used in the present study. 40 This form required subjects to rate the 13 items on a scale ranging from 0 to 11, with 11 indicating the greatest severity or disability. 40 The SPADI total and subscale scores are reported as the proportion of items to which the subject responded affirmatively.
The 12-item Oxford questionnaire was developed to evaluate the outcome of shoulder surgery, excluding patients with instability. 11 The 12 questions are used to rate pain or function. They are each scored 1 to 5 points, with higher scores indicating greater pain or disability. The sum of the item scores is the total score, which ranges from 12 to 60 points. 11 Total and subscale scores were calculated for each of the 5 scoring instruments (Table I) . Scores were calculated for the left and right shoulders for all subjects. Total and subscale scores were normalized by dividing the observed score by the maximum possible score to obtain a proportion, similar to the method of scoring for the SPADI. To compare among the 4 groups, between genders, and by dominant extremity, a summary score was calculated as the total of the individual scores of the 5 shoulder instruments, as well as the total of the individual scores of similar subscales from the 5 instruments.
Means and SDs were computed for the total and subscale scores of each shoulder scoring instrument. To quan-tify the magnitude of the effect of each variable on the various subscale and total instrument scores, effect sizes (proportion of total score variance explained) were computed. The use of effect size rather than simple significance testing allows an analysis of how much influence an independent variable has on the dependent variable, allowing a judgment about whether the effect is clinically relevant. 15, 20, 22 Effect size in the present study was computed as 2 , which is analogous to r 2 or multiple R 2 in that it indicates the proportion of variance in shoulder instrument score accounted for by the variables. It is calculated as 2 ϭ 1 Ϫ (SS within /SS total ), where SS within is the sum of squares within subjects and SS total is the total sum of squares. The advantage of 2 over r 2 or multiple R 2 is that it can be used to describe both linear and nonlinear relationships. Repeated-measures analysis of variance and Newman-Keuls tests were used to obtain the necessary sums of squares and to estimate the statistical significance of the effect sizes. Table II shows subject demographics. Group IV (mean age, 52.4 years) was significantly older than each of the other groups (P Ͻ .005). Because of research design, men and women did not differ significantly by age either within or across groups. Table  III shows the means and ranges of normalized total and subscale scores by group for each of the 5 shoulder scoring instruments. Table IV shows the effect sizes of each of the variables (group, gender, and hand dominance) on the instruments' total and subscale scores.
RESULTS
Across groups, the Constant-Murley score yielded normalized total scores that were significantly lower than all 4 other instruments (P Ͻ .005). The SPADI total scores were significantly higher than both the Oxford questionnaire total scores (P ϭ .003) and the UCLA rating total scores (P ϭ .001). Newman-Keuls analyses revealed that the lower Constant-Murley total scores across groups could be attributed principally to lower scores on its strength subscale, with little variance present in the other Constant-Murley subscales.
The largest effect in this sample was that of gender on the Constant-Murley score. Gender accounted for 57% (9.1 out of a possible 100 points, P ϭ .0001) of the variance observed in the total Constant-Murley score. Most of this was explained by the strong gender effect in the strength subscale of the ConstantMurley score, accounting for 66% of its observed variance (P ϭ .0001). On average, men scored 8.3 points higher (out of 25 points) than did women on the strength subscale of the Constant-Murley score. Figure 1 shows that the gender effect on the strength subscale of the Constant-Murley score was consistent across all 4 groups. Gender also significantly affected the range of motion subscale of the ConstantMurley score (P ϭ .0005) but accounted for only 4 points (out of 40 points) of the observed variance in that subscale score. Thus, the gender effect on the Constant-Murley score was primarily a result of bias in the strength subscale.
Gender also had a significant effect on the range of motion subscale score of the UCLA rating (P ϭ .004) and the pain subscale of the Oxford questionnaire (P ϭ .04) but accounted for only 7% and 3%, respectively, of the observed variance in these subscales. Expressed in scale units, men scored 0.15 higher (out of 5 points) on the range of motion subscale of the UCLA rating and men rated less than 0.5 lower (out of 50 points) on the pain subscale of the Oxford questionnaire.
Group differences had several small but significant effects on the shoulder scoring instruments. The largest effects for group were observed in the range of motion, strength, and pain subscales of the ConstantMurley score. The magnitudes of these effects were much smaller than those observed for gender. For example, the largest group difference on the range of motion subscale, which was between groups II and III, demonstrated a difference of only 1.2 points (out of 40 points). The largest group difference on the pain subscale, between groups II and IV, was 0.9 points (out of 15 points). The largest group difference for strength, between groups II and III, was only 3.8 points (out of 25 points). Figure 1 shows that, although the groups differed slightly, gender rather than group was the dominant factor contributing to bias on the strength subscale of the Constant-Murley score. Similarly, group contributed significant but small effects for the pain subscale of the UCLA rating; the function subscale of the SPADI; and the pain, function, and instability subscales of the pre-1994 ASES form (Table IV) . Group IV (recreational athletes aged 40 years or older), in whom the mean age was more than 28 years older than in the other 3 groups, had a significantly lower mean Constant-Murley score (P Ͻ .001), Zero indicates that less than 1% of the variance in the respective score is accounted for by the variable. *P Ͻ .05 (statistically significant).
again primarily as a result of a significantly lower mean strength subscale Constant-Murley score (P Ͻ .001). Group IV did not differ significantly from the other groups on any other total or subscale shoulder instrument score. Finally, the effects of dominant extremity were trivial, accounting for less than 3% of the observed variance for any subscale or total score. They were not significant for the 5 shoulder scoring instruments used.
DISCUSSION
Our comparison of normalized scores (proportion of total possible points) demonstrated that only the Constant-Murley score systematically differed from the other instruments in scoring shoulder function among healthy, physically active persons. The SPADI also differed significantly from two other subscales. These shoulder scoring instruments are intended to measure shoulder functional outcomes but do not measure the same parameters in the same way. In other words, a normalized score of 98 out of 100 points on one instrument does not translate into a score of 98 out of 100 points on another. Therefore, the results of surgical outcomes for various instruments do not readily lend themselves to intersystem comparison.
Hand dominance had no significant effect on any total or subscale score for any of the 5 instruments. Significantly higher normalized total scores were observed for men. Similarly, a significant gender effect was observed for the normalized total scores, rangeof-motion scores, and strength scores for the ConstantMurley instrument. No effect of gender was observed for the other 4 instruments.
The effect of gender appears to be unique to the Constant-Murley score, and this must be appreciated when the results of outcome studies that report Constant-Murley scores are reviewed. The most gender bias was present on the strength subscale of the Constant-Murley score, similar to previous findings. 2, 8 The mean difference in Constant-Murley strength subscale score in our subjects ranged from 7.3 points for the recreational athletes aged under 40 years (group III) to 9.8 for the NCAA throwing athletes (group I). The mean gender difference in Constant-Murley strength score across all groups between men and women was 8.3 points. These differences stem from the method by which strength is rated to arrive at the Constant-Murley score. An absolute measure of strength is used (pounds of force) rather than a relative measure (eg, gender-specific norms). It is well known that women, on average, cannot produce the same muscular force as men because of differences in absolute lean body mass. 28 Thus, any measure of absolute strength is biased in favor of men.
A significant effect of group on normalized total scores was observed for the Constant-Murley score, with group IV scoring below the others. Because group IV was older than the other 3 groups, the differences in scores may have resulted from an age effect. This age-group effect can also be attributed to the strength subscale of this system. In their original report, Constant and Murley 9 specifically stated that the strength subscale of the Constant-Murley score "diminishes with advancing age" as a result of the method of measurement (absolute strength), suggesting normal Constant-Murley scores will differ by age. Romeo et al 33 found a significant effect of age on Constant-Murley score only for female subjects undergoing rotator cuff repair. When normalized total scores were analyzed by group for the other 4 shoulder scoring instruments, no significant effect was observed. A significant age effect has been reported for many functional outcome instruments, particularly those requiring a rating of physical abilities. 6, 9, 29, 33, 37 With the exception of the Constant-Murley score, the scoring instruments did not demonstrate systematic bias based on activity level, age, gender, or hand dominance. Romeo et al 33 also reported that, with the exception of the Constant-Murley score, total scores for various instruments do not display such bias for patients undergoing rotator cuff repair.
Different instruments weigh various subjective and objective subscales differently to obtain a total instrument score. 33 For outcomes research, the patient's subjective perception about his or her own condition should take priority. 23, 32, 39 Several shoulder scoring instruments use only the subjective report of the patient and thus do not allow clinical measurements or clinician input to influence the score. 11, 27, 31, 40 It should be noted that none of the 5 instruments was designed for use in subjects with healthy shoul- ders. It is possible that these shoulder scoring instruments may be valid for differentiating patients with different shoulder conditions or may be able to discriminate recovery over time but may be unreliable, and therefore not valid, when used among healthy persons. In addition, not all instruments comprise similar subscales (eg, pain, instability, range of motion), and they are thereby not necessarily valid across all shoulder conditions. Finally, an implicit assumption of these shoulder scoring instruments is homogeneous reliability and validity across all levels of shoulder disability, including healthy, normal function. If this assumption is violated, simple comparisons of scores between patients or over time in the same patient become problematic. These questions are beyond the scope of the current study but are worthy of further research.
It was not the intent of this investigation to make specific recommendations for the use of specific shoulder scoring instruments. With the growing interest in outcome studies in orthopaedics, follow-up assessments must not only measure traditional parameters, such as range of motion and instability, but must also measure the patient's perceptions of his or her health status. 19, 23 The optimal methods of measurement for patients undergoing reconstructive shoulder surgery has not yet been determined. 8, 24, 32, 36 We examined 240 shoulders in 120 healthy subjects who had never sought treatment for any shoulder-related or cervical spine-related complaint. We found that both age and gender should be taken into account when reporting or interpreting Constant-Murley scores. In addition, normalized total and subscale scores for the 5 shoulder scoring instruments were not equivalent. Thus, the investigator or clinician should carefully choose an instrument that matches the population and the purpose of the study. This information should be useful for investigators studying patients undergoing reconstructive procedures of the shoulder.
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